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' ' . This document reports on an educational research 
study directed towards identifying. coipbnent/ necessary for tie 
design of instructional. progra«s to "teach' prctlen solving to studen 
in grades 2-8. Thirty eighth grade students utilizing a geology uni 
fro« the individualize^ Science (IS)' program participated in the ' 
pilot study reported here. Results indicate knowledge, the 
interaction of knowledge and process, :an^ other factors such as the 
abUity to recognize and define teras and the- ability to identify • 
relationships among teras contributed to final scores, obtained.. 
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^' j' Introduction ^ . - - ' 

Thi/i study exp lor e;5* certain aspects of the relationship between repre- 
sentattiOTs^of students* knowledge structures- of science subject matter and 
leir success in^solving verbal ato ademi c problems. The students 'are eighth 
graders, the subject matter is descriptive geology, and ^ the problems ^are 
Verbal analogi^ and set-membership tasks. ^ ^ 



The r,esearch reported here relates to the long-term research goal of 
, the- Scientific Problem Solving an^ Inquiry Project of the Learning Research 
and Development Center, viz*_, ta ^entify con^onents and processes necessary 

far the dfi^igi> of ins^tructional programs Xo teach science-jprobJjBJttajftfl^^judents' 

' - - t> • * .\ 

-at thp'^^tementary and middLe school levels .# The focus of our initial w^^* 

has been to determine methods for probing iftudents' knowledge struc|:Ure^to 

delate representations^ of stud^nr knowledge structures to. problem-solving 

competence, arid ^o asscess tjie conj^tuence between scieij^e content structures 

as repxesentesd in science instructional jfoaterials and changes in the repre- 
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sensations of knowled'ge structures of students after exposure to instructional 

materials. . ' \ . ' ' ^ • ' 

* ' ' r ~ • 

Our research bridges the theories and research par^igms o^ cognitive 
•psychology and the tQchnolog^r of instructional design^ 'We yiew ourselves- 
primarily, as science educators, actively engaged in bringing psychological 
theory and- research to bear on science ins taction. 

knbwl"edge structures andJtheir 'relatj.oriships to problem solVing ar^ areas 



•pf lactiye .theoretical. sjpecuWtion and empirical research* in the field of 



0 



/ 




cognitive psychology. Several individuals { e,g, , ^ohnsbn> 197^;^ 

3havelson^ 1974), who Have made important theoretical and methodological 

^ . . \ * ' • 

contributions to t^ie research, on science knowledge -structures hav'e poihted 

out 'thit^the Jcnowledge derived from this work 'has important amplications 
for instruction.^ Nevertheless, di££,ering p^erspectives on the relation- 
ship between knowje^dge structures-^ ari4 problem solving are evident the 

literature. Paul Johnson (1969) suggests that more can be learned about -the 

, - _ ^ » 

extent td which an individual lihder^stands. a p'ortion bf science content by 
analyzing that individqal's representation of the relationships among the 

important concepts r^elated tp thp cbntent area than by asking the student 

« ' > ' .. . , • . ' 

. to solve pro blems. Conversel y, Bhask^f and Simon"(1977V states the impor- 

tance of ktiowledge structures to the ability to solve probl jams'. ' • > - 

- Thertheore^tical and, em^^irical links between analogies and .knowledge 

structures has been discussed irt the recent literature of cognitive psycho-l- ^ 

^ SSK- ^Investigators such-W Gree^no (197 ), have studied' 

tRe r^ast)nin^>kills involved in solving Analogies and have be^n-to estab- 

lish liiiks between these skills arid other mentdl operations, "t^specially 

those frequently associated with prdblem solving. 'Analogicll Reasoning is . 

' . "^^^ \ ■ * ■ . . i ^ * ' ' ' 

described essentially 'as a rule induction process in mkch an'individual ^ 
^ - searches for relationships among cqncepts^ i.e. , constructs* a tpQCept struc- 
_ J^?}ys .important; fple. in^the devil opment of 

concepts and of "knowledge networks.^* - . ^^^^^^-^r^-.^^ ^ ' ' ♦ 

Set-.Membership tasks are a type of verbal priD^em that^has not been ^ 
used often, if at all, in- studies of knowledge* struoture^ J ^'yhese^. tasks . * 
have features similar to verbal analogies/: ''An example of' a^set. meinb^ 



task is the following: Put an. X on the yord that does not '"^^'orig. in this- • 
set^ Eight Twd^ple Five. ^^Students must ''seifch their knafeVdge sti^uctures'*" 
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fox relations tljat link concepts ♦ Set membership tasks contain the added 
difficulty, however, that' the individual is not provided with the ''hint" 
of which terms ^'contain" the ''hidden'' relationship. Instead he musf searxh 
all foiir or five terms for the pertinent relationship ♦ 

. The previous work done in investigating science knowledge structures 
and their relationships to probliem solving has been done wi^h, college and / 
high sc'hoQl students and has used content from h*ighly formalized sciefice * 
disciplines; e.g. , "yechanics (Johnson ,^^^^71; Shavelson, 1974), mathe- 
matics (Geeslin, 1§?5)-, and thermodynamics ' (Bhaskar^ Simon, 1977) . Our ^nvestiga 
tidris have been done with 6th, 7th, and 8th graders, and we have used con- 
tent fr6m a much less formalized discipline, descriptive geology. 

■' ^ . ./ • ■ •.„. ;. 

^ / Procedure ^ ■ 

/■«■♦'. ^ " . 

' Instructional Materials j/ Setting, and. Sample 

^ / ^" . , . t , , ^ 

The*' instructionalj/materialsk used ip this rese&rch deal with the subject 

V > • 

of .minerals .and rocks, and^consi^ of a segment of the field-testing version 
of the Lyell Unit of the Ind'ivijdualized Science ^ program (Champagne and 
Klopfer, 1974, 1972-197^)^ The Lyell.Unit includes aspects bf descriptive, ' . 
historical, and physical geolog;^. ,The Invitation to Explore (ITE) Mijierals , 

and R6Cks is primarily ''descriptive geology. The. student *s booklet for the 

- ' '\ ^ ' ' ' ' ^ 

ITE is*67 typewritten pages'", long, • and consists; of reading text, manipulative 

activities, and student self-administered progress tests.._On the averag*e, 

'a student completes the LTE in three to four weeks 'with five 4S minute periods 

per week. - i . - . ~ 1 • - . v.^ 

The ITE Minerals and Rocks was designed to incorporate structural features 

of the content^of descriptive geology.^ The structural .relations .inpltrde/hipr- 

archical class-inclusion, transformational, and definitional relations.. Th-e \ 

ITE is organized, in part, around the def injtion of a mineral arfi th'e^ taxonfo^i<: 
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classification- of rocks. /^The two most .important structural relations, one 

hi^a:archical and the- other transformational, are the classrfikfation of rocks. 

V •- ■7 • ' ' ■ ' " ' 

on jyte basis of how they form and the rbck cycle through which, each of 'three 

^ * » f ' * * . - * 

^-kinds.6f rock- -igneous, metamorphi^, sedimentary^ -can be ttvansformed into 
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either of the other kinds. , * ^ • - * 

The ITE begins by setting ^structural context foi^he student.' The 
content-structure is desciribed in the text, and is r^preseilted visually with 

• ' * . ' ' ■ ^ . ' • - . * : - ' ^ 

a drawing that" illustrates both the hierarchichal relationships among major 

concepts- and examples of the concepts^ the introductory narrative summarizes 

these relations. They are elaborated on throughout^the text of the ITE. 

•'^ ^ J ' ^ ... I ^ ^ 

TrafVs format ional relations are another major structural featurje represented 

in th^ text of , the ITE. The design of our instruction in the ITE , Mineral 

andRocks was execute4 with structural principles explicitly in mind to facil- 

' itate the student*? learning and retention of the science concepts. However, 

^*as suggested ift the int>rodtft:tion**of this report, we ^Iso did this with an 

.eye toward the proposition that structural .learning *facilitat"es studefits* 

robi'em-solving abilities.- . ' • ^ ^ \ 

The study ^^as carriedNpuf in a's^ctarian -elementary school i located in 

^Miarg6 city. The school's ipproxdmately 400 students in grades K through 8- 

come'^ojn loftddle class honres in fhe immediate neighboi^hoocfr. Cl^ss size typi-' 

oally ranges between 25 and 35 students. 

V * -- -- :i- ' - \ ' . ^ ' -''^ \ . ' \ ' • . : 

;The 'science .teapher selected 30 studentg, 17 female'fand 13 male', from 
'tb^ eighth-grade classes^ to participate in^^the. sttfdy. None of these students*' 
'had*^>rjeiviously^retfeiVed^ institiction in geology. *r All students hacl ^^reviously 
^ studied oth.6r units ,in the' In dividualized '-Science program; 1 Thesf ' unjts 
♦utilize selfi^-ihstafuctional'.m^terials similar to the uTE Minerals and Rocks. 



|S'V'^* * ^ / tonsequent^yv all studeiit^ were, famt^lxir >witj? the me(i)ianic|^ of using the 
fe^ • ^ • -iiis^thictibnal iriatJa^^^^ *^ . . — ^ . . 



Pre- and' Po?t -Tests, and Concept Structure Analysis Tasks 
\The study followed the pattern outlined below, 

1 . . Pre-instructionat Concept-Structure Analysis tasks probing for . 
Structural knowledge about atoms and molecules, minerals, and rocks. 

2. Pre-test on -science content contained In "^le ITE, analogies, and 
set membership. . ^ . ^ ^ 

3. Instruction using the. ITE Minerals and Rocks. * * i * 

4. Pdst^^est— sa/ne as pfe-tfest. ^ * • 

5. Po^t-instruction^l Concept-Structure Analysis tasks — same as 
pre-instructiona^l tasks . - ^ • . ' . 

The. study ' was carried out over 'a period of si% w^eks, with one week 
for administering the Concept-Structure Analysis tasks both before_ and after 
four weeks' of instruction. A three-part test was administered just prior to 
.instruction .as a pre-test and figain when instruction was completed as a 
post-test. The three parts of the pre- and post-tests^consisted of':'' (1) 
a standard, multiple-choice .item test coveriffg* tjie science content "^of the • 
ITE Minera,l$ and Rocks, (2) a 17r- intern analogies test of key t^rms used in 
the instructional materials, - (3) a 12-item set' membership tes.t where each 

t ' • ' ^ * : ' \ ; - . 

item contains a* set of four terms, one of which the student had to identify 
as not belonging fo the set. (Representative* items from parts 2 and 3 are * 
shown in. Tables 6, 7^ and, 8 below.^. The pre-i^and^pst-tests- differed only 
in part 1, whicb' CQntained 45 itefi responses on the pre-test and additional 
responses on the post-test. These tests'were administered. by the^classroom « 
teacher, • ^ , ^ , . 

T|ie Concept-Striicture Analysis ^^s^^ were administered iiL three parts/ 
.The first part probed students* knowledge structures of prerequisite science 
concepts,, i^^, concepts .the dejignjsrs presumed* .students 'cqmprehend^d and 

^ ^ ' ' [ ^ 0 ^ . 

which , were ' necessary^ for 1c;oii5)rehensi on of. the science content in the ITE 



Minerals and Rocks. The' second part prpbed structural knowledge of minerals,' 
and the third part concerned structural knowledge of rocks*. For eath task, / 
we used a different set of cgird^, on which the concepts were printed. 

The Xoncept-Stfucture Aiial'ysis Tasks were individually administered 
by* a single experimenter, in the following manner. Each student was told of 
'the purpose of 'the study and was then led through a practice task that con- 
sisted of cards containing familiar anatomical terms. The terms included in 
each set are listed in Figure Q under their respective heading^: / Practice ' * 
Task, ATOM 'Task, MINERAL Task; Wd ROCK Task. For both the'practice- task and 
each succeeding task,, the student was shown the set of cards. and asked if'(s)he 

recognized each term in the set. 'Then, using the recognized terms, the studefitwas 

told that the object of" the task was to arrange^the cards in a way that would 

jShoK "ho^ ycxi think about the words." The arrangement was laid out on a large piece 

of paper (28 x cm) and. the cards, wltich~~had an aidhesive on their reverse 

sides, were pressed into place. The student was then asked to e;cplain why he 

orTlhe^^Pl^nged the words p.n this particular way. The responses were ' 

,re corded by ^drawjlng 4ines on the paper b^twegK^^c^rds designated by the stu- 

dent and writing in the relations between words as described by the student , 

• ^ . \ ' 

The procedure <for administering the Concept-3trucutr^ Anaiy^^Ls task was the^? 

same before and after instruction, except that^it was unnecessary to conduct 

the practice taSk bn»the post-instructional administration. /• ' 



' - INSERT»F'IGURE 1 ABOUT HERE 



Analysis Knowledge Striicturel Representations ^ I* ' 

• Devising a reasonably objective method for analyzing salient' charac- . 
te'ristic? of the knowledge structure representations generated by the stu- 
dents presented a considerable challenge. The method we devised depends 

on ascertaining, the degree of ccirrespondence between students' structures 

1 ^ 

and an "expert" stioic^ure. The elxpert ^structure is developed by ii)dividuals 
knowledgeable about geology and tne instructional materials used in th« 



tions of th^ cruqial attributes i 



study. '^Jhe degree of correspondence jetwe^n student and expert structures 
is ascertaiined by assessing the exten/t to which certain crucial attributes 
of the expert structure are present ^n the student structure. First,*- from 
a careful analysis, of the expert itfucture, we prepare qualitative ^scrip- > 



\ 

, to • ^ " • 

exhibits. Then we search the student 



structure jfor the attributes and,f depending on whethgr they are j)resent or 

absent, we assigij the student structure to one of several structure classes. 

These structure classes, which af e» def ined^ chiefly on the basis olT^the 

crucial at/tr^ibutes of tlje exp^'t Istructure, are arranged in order of'increas 
'* . / « • • . > 

*/ ' ■ ' ' 

ing* complexity. In the lowest structure' class, the organizing attribute is 

• "* ' . V ' / ■ * " * ' ' 

simply ^some ^raphemic property jcommon to thq-words themselves. ' In the more 

complex classes, the^ words 'are/*treated as conce'pt$; and it is the concepts 

'^wHich are stinictured according to various attributes .tj;iat relate themC A 

■ " ' <«k " r ' ^ " " 

different 'series,,of structure classes has to be defined, of course, for * * 
^every;^set of concepts presented in aUoncept. Structure Analysis task.. * 



For both the ROCK and/MINERAL conitepts which were-.uSed in our struc- 
turing tasks ,^ we carried dtit analyses of the knowledge- structure ref)resenta- 

/• ■ , ^ v- 

tions as outlined in the preceding paragraph. "A detailed description of 

how we analyzed; the ROCK concepts .and defined the ROCK structure clashes 

■ . / . ' ' ' *• , * ^ ^ . ... > * 

is given xn Champagne et ai, 'From* that analysis, we iJ^produce here«^ * 

'9 
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the expert structure for the ROCK concepts (Figure 2) and the chart sum- y 
marizin^ the ROCK structure <:las^es/-(Figure 3). The Aalysis of the Mlif- 



% V ^ « ♦X.- 



ERAL concepts is given *an fhe^followipg psCtagraphs. 
■ ^' INSERT FIGURE^ 2 and 3 ABOUT HERE 

• • • : • . . • • . . ............. - , 

MINERAL Structuring Task' ' ^ . 

Given the words and 'phrases of the MINERAIs. Concepts Structuring Task, . 
(see Figure 1), the^finition of a mineral. provides on'e major structure, * . 
which is shown in Figure 4. Mineral class membership and non-membership ' , j 

relations form a second structure, shown in Figure 5^. The hierdrchical 

4- 



relations that exist between a specific kind of rock, the minerals of which 
the rock'is composed, and the minerals* chemical compositions, expressed * 
using both^^a chemical name { e.g. , calcium carbonate) and a chemical formula 
( e>g> , CaCOj)/ define a third structure, this hierarchical structure-ds illus- 
trated in Figure 6. ^ (Although^ iSiis .s tincture is designated ''hierarchical," 
it should be noted that it is composed of twp-^iff^rent relations.' Limestone 
physically- contains' calcite crystals. Caicite "contains" calciiiifi carbonate 
in the sense that, upon chemical analysis, Jlfe^^mineral. caTltite wilX b^' found 

' • jl *^ V 

*to consist of calcium' carbonate, which is pre^iHBlgH''i:o mean molecules of cal- 
cium carbonate. * 



INSERT^ FIGURES' 4,' 5, and 6 ABOUT HERE , 



•^e st^ructure ift- Figure 7 is a ^presentation reflecting the chemical 
/relationships among the^^words, as contrasted' with .the geological relationships 

^ ' <j' " ' y ' ' ^ * • 

represented in Figure 6. Note particularly that from a cjiemicail perspective^ 
^ calcite, limestofie, and sea shells' are' ro.ughly analogous, while geologically^ 
* they are quite 'distinct. Figure g depicts graphipall)^. how the chemical 



properties of several substances are copipared with lrhe properties /that' define 

• the characteristics of minerals to detefmipe whether *or rtbt the sdbstance in^ 

question is a^ mineral. ' • ' * - ^ ^ ^ % 
* ^. 

. ' * * INSERT FIGURES- 7 and 8 " ABOUT ifERE ^ " : ^ 

- / • • V 

. Tfie integration of the^ six structures shown in Figures 4 through 9 into 
.one expert structi/re is somewhat easier to^^ijejrform "in the heaH" than .on 
paper. As we jiay^ done it (Figure 9) , .inany' of the subtleties -of the^six 
separate structures are no longer evident. Nevertheless, * this integjrated 
structure does depict all the esSentail relationships shown in the separate 
- stiiii^jA2Lei_aM,_J^ structure. . 



By analyzing this, expert structure, we can identify the crucial attributes 

exhibited in it and prepare a qualitative description of these. Using the 
■^descriptions pf the attributes, we designate a series of structure^lasses 
. for the MINERAL Concepts Structuring Task; A summary of these MINERAL struc-. 
. ture classes i-s shown in the chart of Figure 10., This chart: is similar in 

form to thfe orte shown in Figure 3* for the ROCK st^cture classes, and the 

function which the two charts serve* for us is the same. 

• '-^ • • • • • . . , . y \ . * 

• INSERT FIGURES 9 and lO^BOUT HERE* ' ' \ ' ■ • 

. . 

Tdentification of Higl)- and Lt>w-Structurinlg Groups. ' ^ 

^The main^urpose of our analysis of knowledge structure representations 
' is** to establish' a means by which •"high^^ structuring students -and /'low'' struc- 
taring .students ."can be identified. , Once' a series'^of^structure classes^ has 
,.been designated iFdf a'set jif coi^epts, we can use the de.scriptibns pf the 
classes to (J^cide which, attributes ^ttident structures, must display to classify 
them as high or* low stri^cturers*. ' Sinfce" two series of structure classes were 
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constructed,^ onfe for the ROCK* concepts (Figure 3) and antftheV for the. y 
MINERAL concepts (Figure 10), corresponding high- and low-struiituring groups >- 
were identified. ' . <^ - / 

For the ROCK \Concepts Structuring , Task, high struc,turei:s were those - 
students *whose s.tructures 'displayed attributes equal to or greater *than , 
, those, of .crass W-S on the ROCK structure classes (see Figure 3). Th6 criter- 
ion* for low struct^rexs was sl rating -of \1 ess than or equal to dlass W-3 on . 

/ - ; , . ' ' ^/ ' . - ' 

the post-instructional ROCK task and a rating of less than -class W-3 pti 
the . pre-instructional -ROCK task. . . ^ 

■ For the 'MINERAL Concepts. Structuring Task "Che only student whose 

\ MINERAL ^ructure was rated as^ class W*5*or.W-6 (se'e Tigure 10) on ^he 
I pre- oi; post- task was designatecf a high styu<jtuj,er;. A student ^^hc was t " ' 
>fated as class or lowei" on- both the -pre- ^gtnS post-:taslc. was designated 
ia low structure!^.. ."^ ' \ ' \ ' ^ - * - ^ 

^-^ jL; \ ■ ' ■ - . 

^-Analyses of3|^pi^s and Itfeps ' . ^ ^. ■ ^ 



Tjie three parts of the written tQSt -^^^ administered before ^nd after 



instruction yielded. scoi^s , for'^each studefft'i perfbrmance on i£ems. tVsting 
' 'for *i6eo logy Knowledge (part X) and on two*' 



^ii^s of^ 



verbal problem items ^: 



Ahalogres (part 2) -and S^t-Membershap (paft 3)^ IVe.also obtained each 
student's Ih,Q. score, based oh' a f^cent administration of /the Otis-Lenfton' 
' N^tar Abilities Test. _\Forj^eyery score .the, usuaV descrifJtive statistic^ 
^ . were^ccaltulated. for- the total ^^roup^^f students, a^s well as the, p^rodu'ct;^^ \ 
. moment correlations b^tweeii jevery pair.^^^f scores. Using ,a»t-^tei5t*for b -^ 
, ^ , correlated groups, ' we* teste^i.the^ signif it^ce ^of Jhe^iffet^nce'betvteexv^the:^ 




A:- 



1^ 



for students^Who were so identified^ for the low- structuring group, and for 
the high- and, low-structuring' groups of students identified on the basis 
of the MINERALS Concepts Structuring Task. Using a t-test for independent 
groups, we tested thTe ^significance of the difference between the means of. 
the high- and/ low- structuring groups on each score, . T 



' - * o In 'addition to obtaining students*, scdtes' on the verbal probl^ part:s - 

of the written test, we^ajso tallied the number of ^ correct and incor;rect 

• ^ ' ' ' \ I 

responses for-each of the 17 Analogies Items and eadh of ^the 12 Set-Membershi 

items both before .and after instruction. Using these tallie.s, we tested the 
Statistical significance of the pre- to post-instrUctional changes in res- 
ponses for each item by m'e^i)s of McNpiar^s chi-squafe test of change (McNemar 
1964). • To compare the performances of the high- and low-structurings grojips 
^ of students on'' each of the Analogies and Set -Membership Items, we calculated 
the. proport lon/bf correct responses for gach group and tested the statistical 
significance of the difference bet^s^een proportions by using a chi-square 
test. This* was done for both pre- and post-in$tructionaI administrations 

of the wxitten test and for t-he. groups ide)itif ied^by both the ROCK and the- 

j> ' • - - - ' t % 

MINERALS Concepts Structuring Tasks, We used. the four corilparis'ons thus avail 

* r . * * . * ' 

able to j.dentify those items on Whicfi High-structuring students tend to 
perform better t^an^w^structii^rihg students . • These' analyses of .individual 
items provide more detailed information about students' performance, than the 
scored for a whole set of items.^ ■ . * . ' 
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^ . * Findings^ 



•Pre- '^SsPost- Instructional Changes in^ Scores ^ ;J * 

' / In -this and the follbwing two sections, we pfesent the results of 

analy^e^ of nine score Variables, ^iz.: 

Geology Knowledge Items'- '-consisting of items administered both 
before and after instruction to test the students' knowledge of the 
geology subject matter in the ITE Minerals and Rocks; maximum pos- 
sible sco^:. 45, ■ . , 



Variable 1 - Pre-instri^ctioi^l score 



31^1 

Variable 2 - Post-instructional score 



Geology knowledge Percent— percentage -,of correct responses on the 
geology, ^nowl^dge pretest with a total of 45 points and o^tfie gfeol- 
ogy knowledge posttest with a total of 62 points; maximum possible 
score: 100» ' ' : . . 

, ^ Variable 3 - Pre-instructional score 
^ ' Variable 4 - 'Post-instructional score 

Analog ies' Items--maximum possible score: 17 ' 

. ^ s- ' ^ 

Variabli^ 5 - Pre-instructional score 
Variable 6 - Post-instructional score 



Set-Membership Items — maximum possible* score:- \ 12 . -* ^ 

Variable- 7 - Pre-instructi^al* score ' - - ' . ^ 

Variable 8 - Post-instructional score 
• ^ - I,Q> - Variable' 9^ ' ' , ' • ♦ 

For jeach of the nine variables just described, the'means and /Standard 
errors for all 30 students "jLn the study ar6 presented in Table 1. This table 
also shows, the pre- to post-instructional changes in mean scores on Geology^ 
Knowledge Items, Geology Knowledge'Percent, Analogies Items ^ and Se^t-Meinbership 



/ 
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Items. The statistical .significance of each of these changes was tested 
- fusing a t-test for correlated means, and the results pf these/tests ais? 
^arfe shown in Table Jl; We found that tfie pre- ^o post-instructional ga/ins 
• in mean scores were statistically significant (p < .01) for Ge'plogy Knowledge 
Items, Geology Kn^ledge Percent, arid Analogies Items, but there not a 
significant gain at the .05 level for the Set-Memb'ei'ship Items, 

' ; * * INSERT TABLE 1 ABOUT^HERE 

, 

Comparisons of High- dhid Low-lStructOring Groups « 

As described in the discussion of our methods of analysis^ we identified 

10 students-4,n the high-structuring group and 12 students in the low-structuring 

group oil the basis of the ROCK Concepts Structuring Task. For these two groups, 

the means and standard errors for all nine variables are presented in Table 2. 

This table also shows the results of the t-tests used to test the statistical 

Lcaace of pre- to pbst-instryction'al changes in mean scoresV 



sign^fi< 



INSERT TABLE 2 ABOUT HERE 



The iStatistical significance of the difference between the means on each 
variable for the iiigh- and low-structuring groups was tested using a- t-test 
for indepeijdent .means. The remits of these tests are presented in Tables 3^. 
Using these results and those shown in Table 2, we can compare the several 
scores obtained by the high- and low-structuring groups that we identified » 
from the ROCK Concepts Structuring Task. . ^ 

\ \ . 



INSERT TABLE 3 ABOUT HERE ■ ^ 



Before. instruction the high-structuring group performed better than the 
low-structuring group (difference between ipeans significant at the .05 level) , 
in both the Geology Xnowledgis It«ns and Geology^ Knowledge Percent scores. 



15 



14 



7 



For both s^cores' the pre- to post-instrpcti'onal gains in the means were stati^ 
- tically significant fdlc bofh groups, but/ the low-structuring' group improved 

more than the high-structuring. grpup. Consequently, the post-instructional . 

^ ' ' ' ^ H • • ' ' • • V 

differences t?etween the means for both, the Geology Knowledge Items and Per- 

^ ^ ^ ' ** 

cent sc^Dres for the two groups are /not statistically Significant »Cp>.l), 

.! ^ . • , . 

We observe a similar resul't for th^ Analogies Items score. Here the high- 

structuring group»s pre-instructional mean is significantly higher (p < .01^ 

■* * 

than the mean of the low-structuring group, but the latter group's pre to 
post gain is statistically significant (p<.01) while the 'high-structuring 
group's gain is not. Consequently, the post-instructional difference between 
the means of the two groups. on the Analogies Items is not statistically sig- 
nificant at the .05 .level. . . \ ' . ^ ' 

The high-sfructuring group also outperformed the low- structuring group 
on tjve Set-Membership Items score before instmction (difference ^between 'means 
significant at the .05 level)-. Here, however, the pre- to post-instructional 
gam was statistically significant (p^.05) for the high-strUctpring group 
while the low-structuring grou^ did jiot gain. ^ The postjinstructional dif-^ 
ference between the means of the two groups on thq Set-Membership Items is 
significant at the .01' level. .Finally, the difference betwejgn the- two, groups' 
means on the I,Q. score: is significant at* the .05 level. 

In addition to designating high- and' low-structuring groups of students 
on the basis of the ROCK Concepts Structuring Task,^ we also employed the 
student response structures -from the MINERALS Concepts Structuring Task to . ' 
identify Jiigh and low gjroups.. Using the criteria described in the discussion ^ 
of our methods of analysis, we identified 9 5^|||nts in the high-structuring 
group and 10^ students in the low-structuring group- on the basis of, the 
MINERALS Concepts Structuring Task. Of these' 9 high-structuring group 
students, 5 also were' members- of the high-structuring groap of ROCK Concepts, 



*and of the^ lO'^low-st^^ucturing group, students on MINERALS Concepts^ 7 also 
were in the 'low-strupturing 'group on ROCK Concepts. While the overlap in 
membership of thje high- ^nd low-structuring groups based on the two Concept 
Structuring '.Tisks IS considerable, the pe;rfQrmance of the high and low 
groups on MINERALS* Concepts was somewhat different from the highland low 
groups jon ROCK Concepts* on the nine variables f^r which scores were obtained. 
In T^t)le 4 we pre^ent^the means and standard errors for all nine 

• 1 ' ' ^ " - V - • 

variables and the significance tests for pre-'tp jpost-ins,tructional changes 

in mean Scores of the high- and low-structuring groups on the basis of the 

/ ' . ' ' 

MINERALS Concepts Structuring Task. Table 5 shows i the, signifi- 

cance te^ts for the difference- between the^means on. each variable for the ^ 

' > ' . ' \ . ' 

high- and low-^structuring groups. < , " * " 



■^BLES. 



INSERT TABLES 4 AND 5 ABOUT -HERE 



The first four lines of Tdble 5 show that the means of the tiigh-structuring 
group fot both Geology Knowledge Items knd Geology Knowledge Percent scores 

jwere Mgher than the means of the ^low-structuring group both before ancl after 
insxruction, but neither difference is statistically signi£icant>j(p > .1) on 
either occasion. Nevertheless, as Table 4 sho^s, both groups made st^isti- 

rcally significant pre- to post-instructional gains in mean- scores for both 
Geology Knowledge Items and Geology Knowledge Percent. Both groups also mad« 
statistically significant gains in t^»-^eans for the Analogies Items scores 
from before to after instruction. However, we see in Table. 5 that tie dif- 
ference between the means of the high- and low-structuring groups for the Anal - 

4 / - ^ 1 

ogies, Items scores-is not statistically significant at the .05 level either 
before or after instruction* * ^ . . 

For the Set-Membership Itemsi scores, the difference between the means of 



the high- and"low-stri^c^tu!ring groups is statistically significant J[p <;01)* / 
^before inst.#jSctijPn^ as well as after instruction. The preV ^to j)pst- . -/ \ • 
instructional gain in the mean score^of the high-strudturing' grpup is signif- 
icant at^ the .05 level, but there^is. i)o change in the m^an score pf ^he^low-'^ 
structui-ihg group. Finally; comparing the mean I.Q. scores of ±he high- 
and low-struQturing groups based on the MINERALS Concept .Structuring Tasl$^. 
we see that their difference , is not statistically significant (p = .1). 

Sumnjary of Score Comparisons ' . 

The three pre- to post-instructional gains in mean scores which are 
Statistically significant for thfe total group (fable 1) also are statistically 
significant for each high- .and Ipw- structuring group (Tables 2 and 4), whether 
identified on the basis of ^he ROCK Coneys or the MINERALS Concepts Structur- 
ing Task. ^ Thus, improvement from before to a*fter instruction 'was made in the 

^Geology Knowledge Itemss^eology Knowledge ^Percent, and Analogies Items scores 
for both the high-structuring and the low-structurinTg. s^tudents* The findings 
"are different, however, for the Set-Membership Items score. Here, tj^e pre- 
to post-instruct^'ional gains in mean scores are statistically significant ioj/ ♦ 
the high-structuring students, identified by either set of concepts, but no 
startijstically significant improvement is shown by the low-structuring students. 

We 'also have four mean s'cpres that compare high- and low-structuring 
Students* success, in solving verbal problems.^ Wh en^ he groups are identified 
on the basis of the ROCK Concepts Structuring Task, th^ high-structuring 
f^up performs significantly better than the low-s,tructuring7group in three 

• of the four instances, viz, , on the^alogies' Items before instruction, and on 

the Set-Membership Items both before and after instruction (Table 3). "When 

* 'I ' * ' * 

1* ■ ' 

^ the groups are identified on the basis^ of the MINERALS Concepts Structuring 



• 17 . 

•/- 

task, the high-structuring group perforin? significantly-better than the low- 
Structuring group in two of- the* four instances, viz* / on the Set -Membership 
Items before and after ^nstruction (Table S\. We also note in Tables 3 and 
5^ that in those instances where the mean score of the high-structuring group 
on the Analogies or Set-Membership Items is not significantly^ different at 
the .05 level from the niean score of the low-s^tructuring group, the observed- 
difference doe§ approach this level of statistical ,significance, . The prob- 
ability of obtaining a t-valu^ as large as the one calculated is. less .than 
.10 in. each of these instances. ,-^11 in al?, the comparisons of mean scores 
provide some positive evidence that students identified as being iTi a high- \ 
structuring group are'more successful in solving verbal problems than students 
in a low-structuring group. ^ , - m 

Analysis of Analogies and Set -Membership Items • 

I For each of the 17 analogies i^ems and 42 set-membetship items we compared 
the pre-'^and post-instructional pey^brmance^ of students in the total group by 
using chi-square to test" the significance of the changes in- correct and in^cor- 
rect respons^s^to the 3,tem. Table 6 (displays those items for which the test 
of change yields ^ statistically signifi,£ant chi-squdre (ndf 1) at the .05 
level or less. It is interesting to fiatQ that there is a statistically sig- " 

% -: 

nificant pre-post gain for only*3 of the 17 analogies items, even though, the 
pre-post change in the Analogies Items mean score (see Table 1) shows aij 
increase of more than 2 it^^s correct and is statistically significant at the 

.01 level. This gain in the mean score for all students, th^n^ is due primar- 

, ^ • 

ily to,mbdest ( i.e. , ^not statistically significant) improvements- distr^uted 
amofig^many of the analogies items. . - , 

• . INSERT TABtE 6 Ak)Uf HERE ^ ' ' ' " ^ 
r • a , ... .f. ............ . 

Examination of the items in Table 6' also rfeveals two other noteworthy 
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features. .. First, f of .fhe 3 analogies items which showed a statistically 
si&niiicant .pre-post gaiji, the improvement can reasonablyN?e attribilted to 
Specific knowledge- which the students probably acquired from studying the 

. , ITf Minerals arid, t^ks. For example, with reference to the third item,. 

' * " ' ^ ' . ' • ' ' • . - ' ■ \ 

the information that sea shells are composed of calcium carbonate is specif- 

•"'^ . \ , ' - " * . . - V • ' 

ically taugKt in the ITE. "Second, the. last item in Table 6 showed a statis- 

ticall>| significant pre- to post-in^tiuctional loss »in the proportipn of 
^- ' all students getting it correct. In the ^information about t Mis same set- 
^ membership item given in Table 8 (below), we- observe that nearly all of th^j 
^ pr^rpost loss is probably dvi^ to the perforaahce" qf student|5> in the low- 
structuring group, whereas'; the proportion of students in t|e high-structifring 
gr.pupwho give the Correct response foj ,this^ item does not chang^a,; 

Not only for this one item, but for each of-^tfie -analogies and se|:r 
membership, we 'sought to determine'*' whether the high-sttHi^^tpring students 



tend to perform bietter than the l^w-structuring* students. 



J^do so, w/ 



made four comparisons. of the proportion of students in hii:h- and low- - 
structuring groups who gav^ the correct response to feacfi itejiii/ We used chi-- 

* ' . ^ J P ' * 

'square to test the significance of the difference between *the proportions 
, ' . " . ' ^> - • 

and chpse a p of :20 as the level 'of significance for thi^ test. For an - 

... J - 

item to be selected^ as one on which high-stSnreturiiftg students "tend^ "^o per: 

form better than low-structuring students, the calculated- value of chi-square 

had to have a p *less than ,20* in at least two of the four comparisons and a 

p less than ,05 in at least one comparison. Tha 5 analogies items which met 

this criterion are displayed in table 7, while Tablets displays 7 set- 

•raembershi|p items On which high-structuring sjudVnJts tend to perform better 

than low-structuri,ng studerits, FtJF>ach comparison (RI,^ RF, Ml, and MF),* , 

the proportion of high- and low-structuring sim.denfs who gSVe the correct 



response to the 'item also is shown in the tables. From examinations of the ' 

items in- Tables .7 and '8, we can obtain some additional .insights^ into pos- 
' ^ . ' ^ ^ ' " ' . . ^ ' " ' J . * 

sible , differences between high- and low- structuring students. Tiiese are dis- 

cussed in the following section. ' . ; , 

/ ■ INSERT TABLES 7 and 8 ABOUT HERE. . * ' . 

^ v^. ^^ 'w-'- \' 'oy ••••••• 

. 7^^ . • • Discussion ^ 

A careful,, analysis of the items that comprise the three parts of the 
pre- and past-iiistahictional written ^tesl- i^idlca^s that, with v^ry minpr 
exceptions-, thjs items sample terms and relationships from a small,* very* 
well-defined content dxpain. For example,' of the 17 analogies items, 6ijly , v 
3 "contain terms that are not included in the ATOM, ROCK, and MINERAL . 
Concepts Structuring Tasies (see Figi^e 1). Only one of these analogies 
it^ms tests a relationship not included in^'e expert^-slxiictures of the 
three tasksT* Of t^'i2 set-membership items, only 2jcontain terms not^ 
included dn the structuring tasks.* .It. is interesting, ther^ore, to / 
speculate on possible reasons for the observed' differences, in the total 
group pet.formance on the Set Membership Items^ and on the Gec^ldgy Knowledge, 
and Analogous Items. , - 

The total group a^jde significant improv^m'ent on the Geology Knowledge ' 
fticl Analogies Items, but only the students in' the Tiigh-sti^cturing groups 
made, significant gains'in the Set-Membership Jtems.*ir;^his suggests that 
some factor or factors other than knowledge- (jt\ e^y ' ability/ to recognize and 
define the terms and ability to* identify the relationships among the feriDs)* 
contribute to the scores. Moreover, -these factors contribute more to the 
Set-Membership sQpre -than to the ^Geology Knbwled^e >br An^lo|ies /core. _ 
We tentatively hypothesiise that the prpe!^sin| demands, of the' set- 



membership itejns areH^eater t hart* the jJrocessiiig demafids foirthe analogies 
and that the specific proc;ifessing^ ability is related, tp^t^ie process o^'impos- . 
ing 'Structure on- informatiorf. In comparison with the^ analogies itemS, the ' 
set-membership items are, quite unstructured. We hyppthesize*>thaj to solve 
the problem which the.oi^em presents/, the student must, literally fcreate a • 
kriowledge structure thdt.relates. all but one of the .terfts iip^he i-tem'in 



coherent way. It is -ihteresting. t^nat^ that we have some evidehce that 
studen.ts were generating struct\a;fes qsing relationships^her than those 
taught in the instructional .mat«s^al'i. Ope=>set-meinbeT5J^ip' item con^ists^ 
of these terms: calcite, diamojidjf granite/ halite\ ;\ AH the -students who , 
got this item \vrong. selected Hiamond as their ^response. This j.ndicates 
that they had n^y consldered the geologic relatiojiships among the ^irtems but 

had simply noted" that t-hree of .the terms were related by the common graphemic 

^ ' * ^ • ^ " ' ^ - . 

ending, -£te. 

The J.nteresting differenced we have noted"^ between students success im 
solving,^ the analogies and set-membership items ' suggests fhat^theSe Verbal ^' 
problem types might be useful for *pro^ijig ^theo interaction- of knowledge and 
process in the solution of simple v.er'bal problems. ' 



Table 1 



Me^ns and St^dard Erprors j>f all' Variables for the 
Total Group and Pre- to Post- Instructional- Changes 

(N '= 30). • » 



Variable 



Me^tiT^S.E. 



PRE. to POST Changes 



Difference S.E, 



J 



















1 


Geol .PRE 


22.30 


0.80 










2 

f 


Geol'f POST 


28.43 


1.0^ 


+6.13 


0.88 


6^94 


<..oi 


3 


Geo! % PRE 


54.23 . 


1.95 










4 


Geol % POST 


63.73 . 


2.29 


+9.50 


1.78 


■5.32 


'^.Ol 


5' 


Analog PRE * 


7.13 


0.47 










6 


Analog POST 


9.23 


6.54 


+2.10 

4 


0.52 


^04 


<.01 


7 


Set-M PRE 


5:13 


0.29 


♦ 








8 . 


Set-M P.OST 


5.73 


0.40 


-<-0.60 


0.31 


1.92 


;i> p> 


9 




>109.33 


v2.12 











9 # 



23 



• • . ^ " Table 2 , . 

■"}■■'.'■ 

Means »and Standard Errors of All Variables for the High- 
* . • and Low-Structuring Gi^oups on the ROCK Concepts 

» • Structuring .Task and Pre- to Post- Instructional phanges 

Variable • ^ean , S.E% PRE to POST Changes 

. . • ^ * Difference 'S,E. t . 

mgh-Strncturing Group » " 

on ROCK Concepts (N 5 10) " .- . ' 



1 Geol • PRE 24.40 1.46 . V 

2 Geol -^POST " 29.70 1.74 +5.30 1.61 3.30 < .01 

3 Geol % PRE' . ' 59.20 • 3.57 

4 Geol % POST.' 67.8.0 4.29 ' , +8,60 , 3.p4 2.82 < .05 

5 "Analbg'PRE y 9.40 • 0.4B .* . ' 

6 Analog POST' ' 10.40 0.81 ' +1*.00, 0.70 1.43 ° > .1 

7 Se^t-f^ PRE ^ 6.00, 0.36 • ' ■ . - ' 

8, Set-M POST . '7.40. 0.72 . ' tl.40- 0.58 €.41 < 705 



9 I.Q. ' 116.30 5.91 

Low-Structuring ^Group ^ 

on ROCK Conpepts (N^= 12) 

1 .,GeOl PRE . - . 20.00 

p' Geol POST 26.00 1.90 ' ,+6.00 1.35 4-^5-,\ < '.Oi 

3 Geol % PRE ,48.75 

4 Geol %. POST '^.59.58 '' 3.73* '( +10.83 .2.82 3.84 < '. 01 




5 .Analog PRE '.S.67 

6 /Analog POST 8.25 D.82 / - +2.58 0.83 3.11 < .01 

». • ' ■ I' . , *. / " 'i • 

7 Set-M PRE 4. 42/' '0.48 I \ ' ' , 

8 Set-M POST ^ 4.25 0.35*^ -0.17 0.44 0.38 ^>.l 

9 KQ. , ■ " 104.42* 2.50 ' ' ■ • 



( '• ; 



Table 3 ' 



Significance of Difference between Means on Each Variable 
. . . for* High- and Low-Structuring Groups ► ^ 
on the ROCK Concepts StrjjcturingTask 



1 
•2 
3 
4 
5 
6' 

8 
9 



Variable, 

Geol .PRE 
Geol ' POST 
Geol % PRE 
Geol % POST 
Analog PRE 
Analog POST 
Set-M PRE 
"§et-M POST 
I.Q. ■ • ' 



Difference" 
between Means 
(Higlr-Low) 

-4.40 
3.70 
• 10.45' 

.8.22 ' , • 
3.73 
2.15' 
1.58 • 
3.15 • 

11.88 



1.86. 

2.62 

4.54* 

5.67 

0.90* 

1.16 

0.63 

;0.75 

4.50 



2.37 

C 

1.41 
2. '30 
1.45 
4*13 
1.85 
2.5€ 
4:. 16 

^.64 

. I 



p.' 

<.05 
>.l 

• . <.05 

>.l ' 
<.01 

'• 1 > P > 

• <.05 
• <.01 

I' <.05 



05 



> . 



•A 



\ 



f 



4 



0 



25 



lERic; , 



Table 4 



ft / 



l^ans and Staijdayd Errors- of All Valuables fop the High 



-J. 



^nd Low-Structuring tJroup^on the MINE]RALS Concepts 
Structuring TaW and Pre- tpTosf-i^^^ 



variable 



'Mean - S^E. 



PRE to PPST Changes 
Diffeivence S.E- 



High Structurin^^roup , ^-^ 
6n MINERALS Cdncepts'tN =9) 



1 Geol : PRE" 

2 -Ceoh 
'3^Geol -^o PRE 

4 Geol ■%. POST* 

, 5 'Alialog^ PRE - 
. ' ^ - ' . * • * 

6 Analog POST 

- 7 "Set-M Wt . 



24.44 1.71 
.'30.33 1.85 
■59.. 44 4.12 



70^00 '^.08 



8.22 ^0.76 
li.pO 0.83 
^9 ' 0.45 



•1 +5.89 

+ijp:56 



1. 13.-. 5,2a 



1 



35 2.43 



1^ Set-M POST 7.78 
§ I.Q.' ' 1,17.44 



;76 



. +2^8^ 



+ 1.8'9. 



0.71> 3. 

^ - 



0.61 



< .^01 , 



, < .'05 



.<.01 



Low-Stnicturing Group \ . 4 
on MINERALS . Cqncep^ fW-f 1 




,05' 



y 



1 Geol PRE 



• 2 ' Geol POST 
3 Geol % PRE 
4-><3eol %,. POST 

• ^ • ^ ^ 

5 •AnalHDg PRE 

6 AnaJLog POST 

^ y. set-M pre' 

'..a Set-M POST/ 

9 . r.Q. , 



21.10 1.-53 
27.60 2'.66' 



^40 3.72 . • 

60-80 4.82 

".6,, 10 0.89/ ^ 

3.50- .0.91 

4,Z0 0.33. 

.4.20- 0;.51 • 
108.50 . 3.18 




+ 2.40 



0 



0.78 - 3.09' 



< .05 



■26 



'Table 5 



Significance of Difference between Means on Each Variable 

^ . _ V «^ 



Variable 



'5:^0T^High- and Low-Structuring Groups, 
on the'MINERALS -Concepts Structuring Task 



> - 



Di::;ffer^nce 
A between l^esxi^ 
(High-Ldw) ' . 



..i Geo! PRE 
^^^e3 ^OST 
• 3 Geol % PRJE 

Analog ^PI^E 



/ 



1 



C Analog POST v, 
7 Set-M PRE' ' 



* 8 I.Q. ♦ 



POST 



3.-3'4 
2.73. 
8.04 ,. , 
V "9.20 
2.12 
2.50 J 

* * 

1.69 

8.94/ 



5. E. 

2.29 
3.29 
,5.54 

6. ^39 
'1.I8 

i-:'24 

0.55- 
'.0i90 
.5. ,14 



1.46 
Q.83 
1.45 

r.44 

1.. 80 

2.01' 

3.06 

3.98 

1.74. 



> .1 

> . 1 
>^.l- 
>.l' 

.1 > p > 

'•1 >P > 

< .01 

< .'01 

- .1. 



.05 
.05 



J 



J 



Table 6 

Analogies and Set-Membership Items with Signifi^cant 
Pre- . to Post-Instructional Changes for the Total tSroup 

(N =30) 



sediment is to ' sed^entary rock as 
sedimentary and igneous rock are 
to ' 



£ IS to .CaCOj as 

to xompound 

sea shell is to 

diamond is to carbon 



IS 



as 



heat ai\d pressure - 
metamorphic rock 
limestone and granite 
metamorphosis^ 

c^arbon 
molecule 

element • * 
atom, 

natural 

calcium carbonate 

molecule 

atom 



Cross Qut the, word that does not beldfng with the other three: 
crystaUine structure inorganic naturally occurring organic 
crystal ^ ice ^ • water 



Proportion 
Correct 
PRE POST 



.67' 



.40 



.20 



.07 

water vapor -.76 



.83 



.70 

.47 

.38 
.52 



TC^ for 
Change 



5.00 



5.40 



6.40 

6.23 
7.00 



<.05 



<.05 



<.02 

<.02 
<.01 



-28 



ERIC 



29 











• 




i 








TaKIp 7 


■ 










Analogies Items 


on vlihich High-Structwing Students Tend to 








Perrorm 


Betted than Low-Structuring Students 






















• 










Proportion 












oroup 


Correct 


K tor 








> 




High 


Low 


Difference 


. p ' 

• * 


carbon is to atom. 


is 


aiainonQ 


DT 

KX 


.60 


.17 


4.43 


. <.05 


to molexnile 




CdlClUIII CdTDOUate 


DC* 

Kr 


.40 


.25 


0. 57 


N.S. 






yuntpuuiiu 


^ Ml 


.33 


.20 


V * HO 






• 


' ^lement^ ^ 


MF 


.44 


.10 


2. '90 


<.10 


nali.te is to NaCl as table 


salt is 


waLi 


."^ 


90 


- 4? 


5.51 


<.05 


to ^ 




moiecuie ^ ^ 


Rr 


.70 




1 . 77 


<«20 






atom 


Ml 


■:77 


.40 


2.77 


<.10 






cube 


MP 


.88 


.60 


2 -.04. • 


<.20 


^""jiineral is to inorganic as' 




animal 


D T 
Kl 


.80 


*25, 


6.60 A 


<.05 


sea shell is to " 




v% fV» o 1 

vrysxai . , 


DC 

Kr 


.80 


...50 




< .20 




• 


organic . 


MT 
Ml 


.44 


.40 


- 1.1/ 


N.o . 






naturally occurring 


MF 


.66 


,40 


1.35 


N.S. 


• cIiaI 1 1 c 


do 


, natural - 


» 

.RI-. 


.40 


.08 


3.12 


<.10 


» <liamond is to cai^bon 




calcium carbonate 


' RF 


.60 


.33 


1.56 


N.S,. 






molecule 


MI' 


.33' 


.10 


1 . 55 


N.S. 






atom-' 


• MF 


.66 


.30 


,5.12 


<.05 


mineral is to 


as 


unnatural 




.'90 


.58 


f 2.76 


^<.05 


bread is to made bv humans 




:Plour 


RF 


.70 


.58. 


. .32 


N.S* 


. * % ' ' 




. (fuartz. 


MI : 


1.00 


.70 


. 3.21 


<. 10 


' ' * '* 




• , nartural - - * . 


MF ^ 


.77 


.70 


0.15 


N.S. 






*R iijdicates groups identified 


on basis o 


r KUL h. Kj on c ep jc 


S 






M indicates"^ groups identified 


on basis of MINERALS Concepts 






I indicates pre-instruction test 








^ • • 




F indicates post-instruction test 




• 




ERJC . 




\ ' 30 ' • 










f 














• 





Table 8 



Set-Membership Items on whi<:h High-Structuring Students Tend to 
^ Perform Better than Low-Structuring StudeBTts > 



Cross out the word that- does not belong 
with the other three: 



lava 



limestone 



crystalline structure 
* inorganic 



Xandform 

^ mineral 



carbon 



compound 



crystal 



element 



sandstone 



shale 



naturally occurring 

" is^organic 



rock 



diamond 



mixture 



table ^alt 



graphite, 



solution 





Projjortion 






Group 


Correct 


A. tor 






LI -I *»V» 

High 


Low 


Difference 


P 


RI , 


1.00 






. <.a5 


RF 


X • uU 


. yl 


.96 


N.S". 


MI 


.88 


.66 


2.68 


<-.20 


Mr 


4.00 


.88 


, .27 


M C 


RI 


0.00 


, .18 


2.01 


< .20 


RF 


. 50 


.09 ^ 


4-. 30 


< .05 


MI 


0.00 


.11 


1.06 • 


N.S. 


Mr 


.66 




5 . 58 


< .02 


RI 


1.00 


.64 


»9.55 


< .of 


, RF* 


.90 


- .64 


■ 6.39 


< .05 


MI 


.88 


.88 ■ 


0.00 


■ N.S. 


MF ■ 


" ,77 


.66 




N.S. 


RI 


.10 


0.00 


1.15 


• N.S. 


RF 


.-40 


0.00 


5.44 


< .05 


MI 


.11 


0.00 


'1.06 


N.S. 


MF 


.44 


0.00' 


5.14 


< .05 


RI 


^30 


.09 


0 

1.49 ' 


N.S. 


RF 


.60 


.09 


. 6.11 


< .05 


' MI 


. .44 


0.00 • 


5.14 


< .05 


MP 


.66' 


.11 , 


5.58 


< .02 



*R indicates •groups identified on basis of ROCK "Concepts, 
M indicates groups identified on basis of MINERALS Concepts 
I indicates pre- instruct ion test 
F indicates post-instruction test. 



^1 



Table's (continued) 



Cross out the word that does not belong 
with the dther three: 



crystal- 



ice* 



water" 



sedimentary rock 

sandstone 



mineral 



water vapor 



limestone 





Proportion 






■oup* 


Correct 


1^ for 






High 


Low 


Difference 


' P 


RI 


.70\. 


y.82 


- ' .40 


N.S. 


RF 


.70 ^ 


.27 


3.83 


.05 


MI 


.77- 


.66 


.28 


N.S. 


MF 


.77 


;22 


5.56 


<.02 


RI 


1.00 


:73 


3.18 


<.10. 


RF 


.90. 


.73 


1.0.1 


N.S. 


MI 


1.00 


.66 


3.60 


<.10 


MF 


.77 • ^ 


.66 


.28 


' N.S. 



*R inditates' groups identified on basis of ROCK Concepts 
M ^indicates groups identified on basis of MINERALS Concepts 
I indicates pre-instruction test 
F indicates post-instruction test 



EMC 



12 




rock 




granite 
magma 



igneous j**f^> sedimentary /?^> me 




pumice shale 'limestone slate ^marble 
lava 



sediment 



■ \ 



. ' ^ Figure 1 

Integrated Structure Showing Hierarchical and Transformation 
Relations^ of the Thirteen Words In the ROCK Task 
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r 



ERIC . 



COMPLEXITY 
OF 

STRUCTURE 






,W-1 W-2 W-3 W-4 W-5 W26 

— ;; Words Group ■ > 



CLASSES OF STRUCTURES' 

4 



CLASS" 


' ATTRIBUTES OF T-HE CRASS * * 


W-6 ' 


integratioh pf hierarchical structure and transformational 
^ structure into a single sjtructure ^ . 


W-5 , 


hierarchical structure plus fragment of transformational 
structure ' * ♦ i . 


W-4 


hierarchical structure or transformational structure 


W-3 


fra^ents of. the hierarchical ^^and/or transformational 
structures 


W-2 ^ 


* « 

two or more words reflated by a single technical or gener^ 
usage label ^ . * 


W-1 


-i^ i ^ — — , ■ 

two or more words, unspecified relationships^ _ 




G 


two or more words related by a single morphological ^ 
characteristic ' * 


. \ 

/ 






Figure 2 * • - - 
A^ttributes and Classes- for ROCK Structures 
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metamofphic 



7.6 cm 



Practice Task 

body 
ears 
eyes , 
face 
foot 
heel 
metatarsus 
nose • 
soul 
. toes 



ATOM Task 

atoms 
chemical compounds 
chemical elements 
chemical*, substances 
molecules . . 



MINERAL Task 
C 



ROCK Task' 



CaC03 
, . calcite 
calcium carbonate 
> ' carbon 

' diamond 



graphite 
.Mlite 



inorganic splid " 

substances 
limestone 
mineral 

NaCl • ^ ^ 
^shells of sea^ 

animals ^* 
■5ubstanc^s with a ' 
^characteristic crys- 
tal 1 ine . s t ructure 
siibstances with a 
definite chemical 
composition 
natural]*/ occurring 

substances t 
table^ salt 



granite 
igneous 
lava 
limestone 
magma 
marble 



met amorphic 
pumice • 
rock 

sediment 
sedimentary 
shaLe 
slate 



^ ^ " Figure 5 ' . i 

Sample Card and Words Used in Cone Structure tasks 









"1 ' 




, mineral 
▼ 






■ ■ •■( ■ 

^substance with 
a definite^'ch^- 
ical composition 


substance with a ^ * 
characteristic 
crystalline structure ' 


■ 1 

naturally 
substance 


'.1... 

,/ inorganic' 
solid 
substance 






"© 


.© • 



Figure 4 

r • 

Mineral Definition Structure 







^^^^mineral 






ft 


— - — ^^^^ 

calcite halite 


di amond graphi t 


table salt 
t 


shells of 
sea animals 



I Figure ^ 

Mineral Class Membefrs|iip and Non-Membership Structure 



limestone 
calcite ^ 

calcium cai^bonate ^ 
CaCO^ 



• ^ Figure 6 
Rock' Composition Structure ^ * 



•TRIVIAL' NAMES 



CHEMICAL NAMES 



CHEMICAL FORMULA 



diamond graphite 



oonvazns oomatns 




carbon 



calcite *lim^stone sea shells- 



.convKiins contains ooyitains » 



calcium carbonate 



.CaCO, 



halite table ialt 



ooftoains oohtains 




(sodium chloride)* 



NaCl 



notittc^uded in the siort 




Figure 7 



Chemical Relations Structure 



V 



r 
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mineral 
A 

.\ diifnond 



© © 




diamond 



is oar^aed of 

• ' C, ' 



mineral 
. . griphite 




(5^ 



mim 
\' oalaite 



a * 



<i) (| 




dalcite 



i^yCOmpdaed ofi 



CaCO 



mineral 
A 

, /• shzlle of eea 
' animals ire not 




shells of 
sea arfimal^^ 

are pokpose^ of 



CaCO, 



minei^al 

• ^ 

m\'table halt * 

^is not fi . ^ 

® 0 




2) 



tab 




e salt , . 



is acmpc sed of ^ 

NT 

NaCl . 



miiteral 
halite 



AS 




ia ohni'qsed of 



NaCl 



Figure '8 



6 



' ' .Origins' of Chemical and Geolpgical Distinction 



10 



i 



© ® 



• 1 


1 




/ 

"I 

ie c 
a 


e fined ; 
s - 




^mtatns ocn^ina oontkiins 
-V 



graphite 



oimt line 



table 
salt 



calcium 
carbonate 
CaCO^ 



NaCl 



t 



Carbon 
C 



shells of 
sea animals 



qontc ins ooni ains 



^0 . 



Figure 9^ 
Integrated Structure 
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•G 



W-1 K-2- .JUS W-4 W-5 W-6 



/ 



■Wdrd Group — - 



CLASSES OF STRUCTURES . 



CLASS 


ATTRIBUTES OF THE ClASS . ' ^^|^ 


' Wr6 


integration of relationships among three or more terms 
integrated with characteristics of minerals 


W-5 


relationships among four terms, eX, limestone (rock) 
< — >calcite(mineral) < — > calcium cai;^bonate (chemical 
name)< ■ > CaCO^ (chemical foimula) 


' W-4 

*> 


relationships among three terms:* 

• diamond < > C < > crystalline structure 


^ W-3 


relationship between two* terms: 

tabllEK salt < > NaCl 

• 1 ^ ' : ■ ^ 


W-2 


two or more words related by a single technical dr 
general usage label, ex: group af minerals, group of 
non-minerals or group of characteristics of minerals _ . 


w-1 


Two or more words, unspecified relationships 



two or m6re words related by a single morphological 
characteristic ^ ' ^ - 



Figure 10 



Attributes.^ and Classes for MINERAL Structures* 
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